Summary. -The NA48/2 and NA62-RK experiments at CERN collected large samples of charged kaon decays in 2003-2004 and 2007, respectively. These samples, collected with different trigger conditions, allow to search for both short and long-living heavy neutrinos produced in K ± → µ ± N4 decays. The results of these complementary searches are presented in this letter. In the absence of observed signal, the limits obtained on B(
-Introduction
Neutrinos are strictly massless within the Standard Model (SM), due to the absence of right-handed neutrino states. However, since the observation of neutrino oscillations [1] has unambiguously demonstrated the massive nature of neutrinos, right-handed neutrino states must be included. A natural extension of the SM involves the inclusion of n s sterile neutrinos which mix with ordinary neutrinos to explain several open questions. An example of such a theory is the Neutrino Minimal Standard Model (νMSM) [2] . In this model, three massive right-handed neutrinos are introduced to explain simultaneously neutrino oscillations, dark matter and baryon asymmetry of the Universe: the lightest has mass O(1 keV) and is a dark matter candidate; the other two, with masses ranging from 100 MeV/c 2 to few GeV/c 2 , are responsible for the masses of the SM neutrinos (via see-saw mechanism) and introduce extra CP violating phases to account for baryon asymmetry. These SM extensions predict new particles, such as heavy neutrinos N i (i = 4, . . . , n s +3), which could be produced in kaon decays( 1 ) and, depending on their lifetime, possibly decay into visible final states.
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( 1 ) For simplicity, only the case ns = 1 will be considered onwards.
The NA48/2 and NA62-R K experiments at CERN collected large samples of charged kaon decays in 2003-2004 and 2007 , respectively. These samples, collected with different trigger conditions, allow to search for both short and long-living heavy neutrinos produced in K ± → µ ± N 4 decays. In particular, short-living heavy neutrinos decaying promptly to N 4 → πµ, as well as off-shell Majorana neutrinos mediating Lepton Number Violating (LNV) processes, can be searched in the K ± → πµµ samples collected by the NA48/2 experiment [3] , while long-living heavy neutrinos escaping detection can be searched by looking for peaks in the missing mass spectrum of the K ± → µ ± ν candidates collected by the NA62-R K experiment [4] . The results of these complementary searches are presented in this letter.
-Experimental Apparatus and Data Taking conditions
The NA48/2 experiment at CERN SPS was a multi-purpose K ± experiment which collected data in 2003-2004, whose main goal was to search for direct CP violation in the [5] . Simultaneous and collinear K + and K − beams of the same momentum (60 ± 3.7) GeV/c were produced by the 400 GeV/c SPS primary proton beam, which impinged on a Beryllium target, and were steered into a 114 m long decay region, contained in a vacuum (at pressure < 10 −4 mbar) cylindrical tank. The downstream part of the vacuum tank was sealed by a convex Kevlar window, that separated the vacuum from the helium at atmospheric pressure in which a magnetic spectrometer, formed of 4 drift chambers (DCHs) and a dipole magnet providing a horizontal momentum kick p t = 120 MeV/c, was installed. The spatial resolution of each DCH was σ x = σ y = 90 µm, while the momentum resolution of the spectrometer was σ(p)/p = (1.02 ⊕ 0.044 · p)%, where the momentum p is measured in GeV/c. A hodoscope (HOD) was placed downstream of the spectrometer and provided fast signals for trigger purposes, as well as time measurements for charged particles with a resolution of ∼ 300 ps. The HOD was followed by a LKr electromagnetic calorimeter with a depth of 127 cm, corresponding to 27 radiation lengths. The front plane had an octagonal shape and was segmented in 13248 cells with size 2 × 2 cm 2 . The LKr calorimeter energy resolution was measured to be σ E /E = (3.2/ √ E ⊕ 9.0/E ⊕ 0.42)%, where E is the energy expressed in GeV. The space resolution σ x,y of the LKr was σ x,y = (4.2/ √ E ⊕ 0.6) mm, and the time resolution on the single shower was σ t = 2.5 ns/ √ E. The LKr was followed by a hadronic calorimeter (not used for the present measurement) and a muon detector (MUV). The MUV consisted of three 2.7 × 2.7 m 2 planes of plastic scintillator strips, each preceded by a 80 cm thick iron wall and alternately aligned horizontally and vertically. The strips were 2.7 m long and 2 cm thick, and they were read out by photomultipliers at both ends. The widths of the strips were 25 cm in the first two planes, and 45 cm in the third plane. A detailed description of the NA48/2 beam line and the detector layout can be found in Refs. [5, 6] .
The NA62 experiment (R K phase, denoted as NA62-R K ), whose main goal was to measure the ratio R K of the rates of the K ± → ± ν decays ( = e, µ), collected a large minimum bias data sample in 2007-2008 [7] . It was essentially based on the NA48/2 detector with minor changes. The beam momentum was changed to (74 ± 1.4) GeV/c and the spectrometer momentum kick was increased to p t = 270 MeV/c, which led to an improved momentum resolution σ(p)/p = (0.48 ⊕ 0.009 · p)%. In addition, the trigger system was modified to collect single track leptonic modes.
3. -Search for off-shell and short-living heavy neutrinos at NA48/2
Searches for the LNV K ± → π ∓ µ ± µ ± decay, which is forbidden in the SM and could proceed via off-shell Majorana neutrinos, and for short-living heavy neutrinos decaying promptly to N 4 → πµ are performed in the K ± → πµµ samples collected by the NA48/2 experiment [3] . Since a heavy neutrino N 4 produced in a K ± → µ ± N 4 decay and decaying promptly to π ± µ ∓ would produce a narrow spike in the invariant mass M πµ spectrum, the invariant mass distributions of the collected K ± → πµµ samples have been scanned looking for such a signature.
3
. 1. Selected data samples. -The event selection is based on the reconstruction of a three-track vertex: given the resolution of the vertex longitudinal position (σ vtx = 50 cm),
πµµ and K LNC πµµ below) mediated by a short-lived (τ 10 ps) resonant particle are indistinguishable from a genuine threetrack decay. The size of the selected K πµµ samples is normalised relative to the abundant
, from which the number of K ± decays in the 98 m long fiducial decay region is obtained:
11 . The K πµµ and K 3π samples are collected concurrently using the same trigger logic.
The invariant mass distributions of data and MC events passing the K 
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The obtained ULs on B( 
. All presented quantities are strongly correlated for neighbouring resonance masses as the mass step of the scan is about 8 times smaller than the signal window width. 
The value of the lifetime τ SM N4 , obtained assuming that the heavy neutrino decays into SM particles only and that |U e4 | 2 = |U µ4 | 2 = |U τ 4 | 2 , is evaluated for each mass hypothesis, using the decay widths provided in Ref. [10] . The ULs on |U µ4 | 2 as functions of the resonance mass obtained for several values of the assumed resonance lifetime, including τ SM N4 , are shown in Fig. 3 . 
The boundaries for τ ≥ 1 ns are valid up to a maximum lifetime of ∼ 100 µs.
-Search for long-living heavy neutrinos at NA62-R K
A search for long-living heavy neutrinos with masses in the range 300-375 MeV/c 2 is performed in the K + → µ + ν sample collected by the NA62-R K experiment [4] . Since a heavy neutrino N 4 produced in a K + → µ + N 4 decay would produce a narrow spike in the missing mass M miss = (p K − p µ ) 2 spectrum, where p K and p µ are the kaon and muon four-momenta respectively, the M miss distribution of the K + → µ + ν candidates has been scanned looking for such a signature. The considered mass range is constrained by the existing strong limits on |U µ4 | 2 set up to 300 MeV/c 2 by the BNL-E949 experiment [11] and by the drop on heavy neutrino acceptance above 375 MeV/c 2 , while the choice of considering data with the K + beam only is dictated by the muon halo background being smaller in the K + sample. The heavy neutrinos are assumed to decay only to SM particles and have a lifetime τ 1 µs (which corresponds to |U µ4 | 2 < 10 −4 ), such that their mean free path in the mass range considered is longer than 10 km. In this case, their decay can then be neglected as the probability of decaying within the detector is below 1%. Since only the production process is studied, the limits scale linearly with the kaon flux.
4
. 1. Selected data samples. -The event selection requires a single positively charged track, reconstructed as a muon. To suppress the beam halo muons component, fivedimensional cuts in the (z vtx , θ, p, CDA, φ) space are applied, where z vtx is the longitudinal position of the reconstructed vertex, θ is the angle between the K ± and µ ± direction, and φ is the azimuthal angle of the muon in the transverse plane. For the data sample considered, the total number of kaon decays in the fiducial volume, obtained from reconstructed
The K + → µ + ν and other kaon decay background channels are simulated to determine the expected distribution of the reconstructed M miss variable. The contribution from the beam halo is evaluated using a control data sample, defined as the sample recorded with the K − beam only. The missing mass M miss spectrum of data and MC events passing the K + → µ + N 4 selection is shown in Fig. 4a , together with the total uncertainties on the expected background (systematic and statistical), displayed in the lower plot. All the contributions to the systematic uncertainties can be seen in Fig. 4b . A peak search of the M miss distribution 
The obtained ULs on B(K ± → µ ± N 4 ) as a function of the N 4 mass are shown in Fig. 5a . These limits can be used to constrain the squared magnitude |U µ4 | 2 using the relation [12] 
where ρ(M N4 ) is a kinematical factor to account for the mass M N4 of the heavy neutrino. The obtained ULs on |U µ4 | 2 as a function of M N4 are shown in Fig. 5b . 2 , as a function of the assumed N4 mass.
-Conclusions
Searches for short and long-living heavy neutrinos produced in K ± → µ ± N 4 decays are performed on the large samples of charged kaon decays collected with different trigger conditions by the NA48/2 and NA62-R K experiments at CERN. No signals are observed.
Using the NA48/2 data sample, an UL of 8.6 × 10 −11 for B(K ± → π ∓ µ ± µ ± ) has been established, which improves the best previous limit [13] by more than one order of magnitude. Furthermore, ULs are set on the products B(K ± → µ ± N 4 )B(N 4 → πµ) as functions of the resonance mass and lifetime. These limits are in the 10 −10 − 10 −9 range for heavy neutrino lifetimes below 100 ps.
Using the NA62-R K data sample, limits on the heavy neutrino production are set at the level of 10 −5 −10 −6 on the mixing matrix element |U µ4 | 2 in the range 300-375 MeV/c 2 .
